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gi^-r^o mfflT4*? V(OjftIK)^Ji:^i^9^-^<?)fJ^LTV^o 
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ifljWTlf ? M^spfcjM* £ i:^^, BERIikTy HS»?sP (B i t 

Error Rate),erfc (iM^^fP^C*^i"o 
[0 0 3 1 ] 

@5liRZl^ (Return to zerol^) tf)7^Ar^W4 0 W 
[0 0 3 2 ] 

&*&kLxwifeLtzk&<DmmKxYy'7J**mLXi5y), ^-7,<o^k 

[0 0 3 3] 

£ £ xm k. ff, 

R e ro a . = l^cro.B — ^0 I / I ^ 1 — 0 I 



(13) 



JP 2004-48688 A 2004.2.12 



ZWM'f&J'Sy * - 9 t%&o 

[0 0 3 4] 

EI 7 l*NR Z T-f^><^J"C&3><, N?MipId t. 3£Jgfl)ld I "Cgfl £ tifzffifrvyBZ 
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[Claim(s)] 
[Claim 1] 

After repeating the process which the light of a bit rate fO (bit/s) inputted or an electric data signal is 
generated independently, and samples this data signal, changes the sampling signal of the light or the 
electrical and electric equipment obtained using the light of a different repeat frequency f 1 (Hz) from a bit 
rate fO (bit/s), or an electric sampling pulse train, and is held to a buffer as electric digital data N time (N is 
the natural number), 

the digital data of N individual currently held at said buffer — once — or the data signal quality evaluation 
approach characterized by performing data signal wave measurement and quality evaluation in quest of a 
signal eye pattern by carrying out reading appearance one by one, and performing electrical signal 
processing. 
[Claim 2] 

In the data signal quality evaluation approach according to claim 1 , the repeat frequency f 1 of said sampling 
(Hz) fills f1=(n/m) fO**a (n and m are the natural number), and the range of Variable a, 
[Equation 1] 



It comes out. 

The data signal quality evaluation approach characterized by things. 
[Claim 3] 

In the data signal quality evaluation approach according to claim 2 when the exact value of a bit rate fO 

(bit/s) is unknown The sweep of the value of f 1 is carried out so that the repeat frequency f 1 of said 

sampling (Hz) may fill f1=(n/m) fO**a (n and m are the natural number), and (n/m) 2q/{k+(n/m) q} fO <=a< 

(n/m)2q/{k+(n/m) q-1} fO (k is the natural number). 

The data signal quality evaluation approach characterized by things. 

[Claim 4] 

The value of said variable a in the data signal quality evaluation approach according to claim 2 or 3, 
[Equation 2] 
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Come out and it is and is in the direction of a time-axis to the order of measurement about sampling data. 
dt=1/(zf0) 

counting from the first sampling data, laying a time amount location on top of every ik individual (i being the 
natural number), and displaying sampling data, when displaying by ********** — a signal eye pattern 
asking — data signal wave measurement and quality evaluation — carrying out — and 
When the count of superposition is set to j G is the natural number), ikj<=Nsamp is filled to the total 
number Nsamp of sampling data. 

The data signal quality evaluation approach characterized by things. 
[ClaimS] 

the data signal quality evaluation approach according to claim 4 — setting — said variables i and k 
ikj<=Nsamp — filling — and 
[Equation 3] 



The data signal quality evaluation approach characterized by being a ******** value. 
[Claim 6] 

In the data signal quality evaluation approach according to claim 5 when the exact value of a bit rate fO 
(bit/s) is unknown **a (n and m are the natural number), and (n/m) 2q/{k+(n/m) q} fO <=a<(n/m)2q/{k+ 
(n/m) q-1} fO (k is the natural number) are filled, the repeat frequency f1 of said sampling (Hz) — f1=(n/m) 
fO — The sweep of the value of k, the value of n/m, the value of q, and any one or more ** is carried out 
so that ikj<=Nsamp and ikj<=kz/{2q(k-z)} (i, j, and Nsamp are the natural number) may be filled. 
The data signal quality evaluation approach characterized by things. 
[Claim 7] 

The value of said variable a in the data signal quality evaluation approach according to claim 2 or 3, 
[Equation 4] 



Come out, and it is and is in the direction of a time-axis to the order of measurement about sampling data. 
dt=1/(zf0) 

returning and laying a time amount location on top of every t=p/fO (p being the natural number) 0, using the 
time amount location of the first sampling data as t= 0, and displaying sampling data, when displaying by 
********** — a signal eye pattern — asking — data signal wave measurement and quality evaluation — 
carrying out — and 

When the count of superposition is set to j 0 is the natural number), pkj<=Nsamp is filled to the total 




kz 
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» number Nsamp of sampling data. 
The data signal quality evaluation approach characterized by things. 
[Claim 8] 

In the data signal quality evaluation approach given in claims 4, 5 f and 6 or any 1 term of 7 the sampling 
data of this Nsamp individual currently held at said buffer — once — or the process which carries out 
reading appearance one by one, performs electrical signal processing, and asks for a signal eye pattern — 
a multiple-times repeat — By piling up so that eye opening of each signal eye pattern may be in agreement 
in time, the total number of sampling data which constitutes a signal eye pattern is increased, and data 
signal wave measurement and quality evaluation are performed. 
The data signal quality evaluation approach characterized by things. 
[Claim 9] 

The data signal quality evaluation approach characterized by making the amplitude histogram or time 
histogram called for from the sampling-data distribution which divides the signal eye pattern obtained in 
the direction on the strength or the direction of time amount, and is acquired in the data signal quality 
evaluation approach given in claims 2, 3, 4, 5, 6, and 7 or any 1 term of 8 into a data signal quality 
parameter. 
[Claim 1 0] 

The light of a bit rate fO (bit/s) inputted or an electric data signal is a sampling pulse train generating 
means for it to be generated independently and to generate the light of the repeat frequency f 1 (Hz) from 
which a bit rate fO (bit/s) differs, or an electric sampling pulse train, 

A data signal sampling means to sample this data signal of a bit rate fO (bit/s) in this sampling pulse train, 
and to acquire a sampling signal. 

An electrical-potential-difference maintenance means to change the light obtained by this data signal 
sampling means, or this electric sampling signal, and to memorize by two or more data as electric digital 
data, 

the digital data currently held at this electrical-potential-difference maintenance means — once — or an 
electrical signal processing means to read one by one and to evaluate an optical data signal quality 
parameter in quest of a signal eye pattern, 

A trigger signal generating means to give the trigger of data taking-in initiation and termination to this 
electrical-potential-difference maintenance means, and to give the trigger of data reading initiation and 
termination to this electrical signal processing means 

Data signal quality evaluation equipment characterized by preparation ******. 
[Claim 11] 

In data signal quality evaluation equipment according to claim 10, 

The repeat frequency f1 of said sampling (Hz) fills f1=(n/m) f0**a (n and m are the natural number), and 
the range of Variable a, 
[Equation 5] 




It comes out. 

Data signal quality evaluation equipment characterized by things. 
[Claim 12] 

In data signal quality evaluation equipment according to claim 1 1 this sampling pulse train generating means 
It has the function which makes adjustable the repeat frequency f 1 of the sampling pulse train to generate 
(Hz). When the exact value of a bit rate fO (bit/s) is unknown, so that f1=(n/m) f0**a (n and m are the 
natural number), and (n/m) 2q/{k+(n/m) q} fO <=a<(n/m)2q/{k+(n/m) q-1} fO (k is the natural number) may 
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be filled The sweep of the value of f 1 is carried out. 

Data signal quality evaluation equipment characterized by things. 

[Claim 1 3] 

In data signal quality evaluation equipment according to claim 11 or 12, 
The value of said variable a 
[Equation 6] 




/ 0 um-Kz^k&ffitii-mm 



Come out, and it is and is in the direction of a time-axis to the order of measurement about sampling data. 
dt=1/(zf0) 

counting from the first sampling data, laying a time amount location on top of every ik individual (i being the 
natural number), and displaying sampling data, when displaying by ********** — a signal eye pattern — 
asking — data signal wave measurement and quality evaluation — carrying out — and 
When the count of superposition is set to j (j is the natural number), ikj<=Nsamp is filled to the total 
number Nsamp of sampling data. 

Data signal quality evaluation equipment characterized by things. 
[Claim 14] 

In data signal quality evaluation equipment according to claim 13, 
said variables i and k — ikj<=Nsamp — filling — and 
[Equation 7] 



It is a ******** value. 

Data signal quality evaluation equipment characterized by things. 
[Claim 1 5] 

In data signal quality evaluation equipment according to claim 14 when the exact value of a bit rate fO 
(bit/s) is unknown **a (n and m are the natural number), and (n/m) 2q/tk+(n/m) q} fO <=a<(n/m)2q/{k+ 
(n/m) q-1} fO (k is the natural number) are filled, the repeat frequency f1 of said sampling (Hz) — f1=(n/m) 
fO — In this electrical signal processing means, the sweep of the value of k, the value of n/m, the value of 
q, and any one or more ** is carried out so that ikj<=Nsamp and ikj<=kz/{2q(k-z)} (i, j, and Nsamp are the 
natural number) may be filled. 

Data signal quality evaluation equipment characterized by things. 
[Claim 16] 

The value of said variable a in data signal quality evaluation equipment according to claim 11 or 12, 
[Equation 8] 




/ 0 (zm-Kz^k^mft-rmm 
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Come out, and it is and is in the direction of a time-axis to the order of measurement about sampling data. 
dt=1/(zf0) 

returning and laying a time amount location on top of every t=p/fO (p being the natural number) 0, using the 
time amount location of the first sampling data as t= 0, and displaying sampling data, when displaying by 
********** — a signal eye pattern — asking — data signal wave measurement and quality evaluation — 
carrying out — and 

When the count of superposition is set to j (j is the natural number), pkj<=Nsamp is filled to the total 
number Nsamp of sampling data. 

Data signal quality evaluation equipment characterized by things. 
[Claim 1 7] 

In data signal quality evaluation equipment given in claims 13, 14, and 1 5 or any 1 term of 1 6, 
the sampling data of this Nsamp individual currently held at said electrical-potential-difference 
maintenance means — once — or it has the eye opening assessment section which evaluates eye opening 
of a multiple-times repeat and each signal eye pattern for the process which carries out reading 
appearance one by one, and asks for a signal eye pattern in an electrical signal processing means, and the 
total number of sampling data which constitutes the signal eye pattern for perform data-signal wave 
measurement and quality evaluation from pile up so that this eye opening may are in agreement in time 
increases 

Data signal quality evaluation equipment characterized by things. 
[Claim 1 8] 

In data signal quality evaluation equipment given in claims 11, 12, 13, 14, 15, and 16 or any 1 term of 17, 

Said electrical signal processing means is equipped with both or one side of the amplitude histogram 

assessment section which asks for an amplitude histogram as a data signal quality parameter, and the time 

histogram assessment section which asks for a time histogram as a data signal quality parameter, 

This amplitude histogram and this time histogram are called for from the sampling-data distribution which 

divides a signal eye pattern in the amplitude direction and the direction of time amount, respectively, and is 

acquired. 

Data signal quality evaluation equipment characterized by things. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention samples the data signal of the light which has a predetermined bit rate, or the electrical and 
electric equipment, in case it performs display of an eye pattern, and measurement of a signal quality, it is 
used, and it relates to the data signal quality evaluation approach and equipment by suitable high-speed 
sampling. 
[0002] 

[Description of the Prior Art] 

The 1st example of conventional lightwave signal quality evaluation equipment is shown in drawing 10 (see 
nonpatent literature 1 and the nonpatent literature 2). This conventional lightwave signal quality evaluation 
equipment synchronizes with the clock with which the bit rate was extracted from a photo-electric- 
translation means 101 to change the lightwave signal of fO (bit/s) into a modulating signal on the strength 
[ electric ], a clock extract means 102 to perform a clock extract from this modulating signal on the 
strength [ electric ], and this clock extract means 1 02. A repeat frequency has a sampling clock generating 
means 103 by which fl(Hz) (f1=(n/m) f0+a:n and m generate the natural number, and a generates the 
sampling clock of offset frequency), and the electrical signal processing means 104. This electrical signal 
processing means 104 samples the modulating signal on the strength [ electric ] inputted through the clock 
extract means 102 with this sampling clock, displays sampling-data distribution serially based on the 
sampling electrical signal acquired, and evaluates a lightwave signal quality parameter in quest of a signal 
eye pattern. 
[0003] 

As the 2nd example similar to the above-mentioned conventional example, there are an example of an 
optical sampling means by which fl(Hz) (f1=(n/m) f0+a:n and m used the natural number by offset 
frequency), and, as for a, the repeat frequency used the sampling light pulse train with pulse width 
sufficiently narrower than the time slot of a lightwave signal, and an example of the optical sampling means 
using a sampling clock (see the patent reference 1 , the patent reference 2, and the nonpatent literature 3). 
These optical sampling means are arranged at the preceding paragraph of a photo-electric-translation 
means. A lightwave signal is branched with an optical branching means, and an optical sampling is 
performed using the sampling clock or sampling light pulse train which synchronized with the clock obtained 
by performing a clock extract from one output. A sampling lightwave signal is changed into a sampling 
electrical signal by the photo-electric-translation means. Sampling-data distribution is serially displayed 
based on a sampling electrical signal, and an electrical signal processing means estimates a lightwave signal 
quality parameter in quest of a signal eye pattern. 
[0004] 

[Patent reference 1] 

The patent No. 2677372 official report 

[Patent reference 2] 

The patent No. 3239925 official report 

[Patent reference 3] 

The Europe patent application ****** EP 09201 50A2 Number description 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgLejue 



2005/10/26 



JP,2004-048688,A [DETAILED DESCRIPTION] 



2/1 1 V 



[Nonpatent literature 1] 

"Handbook of ELECTRONIC TEST EQUIPMENT" (Section 5-8.SAMPUNG OSCILLOSCOPE), pp.1 84-1 89, 
JOHN D.LENK, Prentice-Hall, Inc., Englewood Cliffs, and N.J., 1971 
[Nonpatent literature 2] 

"Modeling of the HP-1430 A Feedthrough Wide-Band (28-ps) Sampling Head", SEDKI M.RIAD, IEEE 
Transactions on Instrumentation and Measurement, Vol.IM-31, No.2, June 1982, pp.1 10-1 15 
[Nonpatent literature 3] 

"100 Gbit/s optical signal eye-diagram measurement with optical sampling using organic nonlinear optical 
crystal" and H.Takara, S.Kawanishi and A.Yokoo, S.Tomaru, T.Kitoh and M.Saruwatari, Electronics Letters, 
Vol.32, No.24.21st November 1996, pp.2256-2258 
[Nonpatent literature 4] 

"Optical signal quality monitoring method based on optical sampling", I.Shake, H.Takara, S.Kawanishi and 

Y.Yamabayashi, Electronics Letters, Vol.34, No.22, 29th October 1998, pp.21 52-21 54 

[0005] 

[Problem(s) to be Solved by the Invention] 

the repeat frequency of the sampling clock in the conventional example 1 — usually — several 10- 
hundreds of kHz — it is — assessment — the need — since obtaining enough signal eye patterns took 
time amount and the wander of a lightwave signal became a problem, the clock extract was indispensable. 
Since electrical signal processing which searches for sampling-data distribution needed to be performed 
serially, the effectual sampling rate fell, obtaining enough signal eye patterns required for assessment took 
time amount and the wander of a lightwave signal became a problem in the example of the optical sampling 
using the sampling clock and sampling light pulse train in the conventional example 2 although the repeat 
frequency of this sampling clock or this sampling light pulse train was about 10MHz, the clock extract was 
indispensable. 
[0006] 

As mentioned above, since the whole of the 1 st conventional example and the 2nd example needed a clock 
extract, buildup of equipment magnitude, complication of an approach or equipment, and buildup of 
equipment cost were problems. It considers as the 3rd conventional example (see the patent reference 3 
and the nonpatent literature 4), and there is lightwave signal performance-monitoring equipment using an 
asynchronous sampling among the lightwave signal performance-monitoring equipment which does not need 
a clock extract. However, by the time it is applicable to degradation (a jitter, polarization distribution, etc.) 
of the direction of time amount, this approach will not have resulted, in order to evaluate the lightwave 
signal intensity distribution based on an asynchronous eye pattern. 
[0007] 

it be in offer the data signal quality evaluation approach and the equipment which the object enable the 
miniaturization of equipment magnitude , simplification of an approach or equipment , and the cutback of 
equipment cost by not need the clock extract section by having not made this invention in view of the 
above-mentioned point , and can supervise noise degradation or not only wavelength dispersion 
degradation but signal quality degradation of the directions of time amount , such as a jitter and 
polarization distribution degradation . 
[0008] 

[Means for Solving the Problem] 

In order to attain the above-mentioned object, the data signal quality evaluation approach of this invention 
The light of a bit rate fO (bit/s) inputted or an electric data signal is what is generated independently. The 
light of a different repeat frequency f1 (Hz) from a bit rate fO (bit/s) or an electric sampling pulse train is 
used. The process which samples this data signal, changes the sampling signal of the light or the electrical 
and electric equipment obtained, and is held to a buffer as electric digital data N time (N is the natural 
number) after repeating the digital data of N individual currently held at said buffer — once — or by 
carrying out reading appearance one by one, and performing electrical signal processing, it is characterized 
by performing data signal wave measurement and quality evaluation in quest of a signal eye pattern. 
[0009] 

Moreover, the light of the bit rate fO (bit/s) as which the data signal quality evaluation equipment of this 
invention is inputted, or an electric data signal is what is generated independently. A sampling pulse train 
generating means to generate the light of a different repeat frequency f1 (Hz) from a bit rate fO (bit/s), or 
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: an electric sampling pulse train, A data signal sampling means to sample this data signal of a bit rate fO 
(bit/s) in this sampling pulse train, and to acquire a sampling signal, An electrical-potential-difference 
maintenance means to change the light obtained by this data signal sampling means, or this electric 
sampling signal, and to memorize by two or more data as electric digital data, At once the digital data 
currently held at this electrical-potential-difference maintenance means Or an electrical signal processing 
means to read one by one and to evaluate an optical data signal quality parameter in quest of a signal eye 
pattern, It is characterized by having a trigger signal generating means to give the trigger of data taking-in 
initiation and termination to this electrical-potential-difference maintenance means, and to give the trigger 
of data reading initiation and termination to this electrical signal processing means. 
[0010] 

[Embodiment of the Invention] 
<The 1 st operation gestalt> 

The 1st operation gestalt of the data signal quality evaluation equipment by this invention is shown in 
drawin g 1 . This depends on this invention according to claim 10. This operation gestalt is the case where 
the electrical signal electrical-and-electric-equipment sampling means 1 2 is used, as a data signal sampling 
means. In this case, the data signal to input is an electric data signal, and the sampling clock generating 
means 1 3 is used as a sampling pulse train generating means. Although drawin g 1 shows the case where it 
inputs into the electrical signal electrical-and-electric-equipment sampling means 12 after changing the 
lightwave signal of a bit rate fO (bit/s) into a modulating signal on the strength [ electric ] through the 
photo-electric-translation means 1 1 especially, when it inputs the electrical signal of a bit rate fO (bit/ s) 
into the electrical signal electrical-and-electric-equipment sampling means 12 as it is, the photo-electric- 
translation means 1 1 is unnecessary, and such an operation gestalt is also included in this operation 
gestalt. Actuation of this operation gestalt is explained below. 
[0011] 

The lightwave signal of a bit rate fO (bit/s) results in the electrical signal electrical-and-electric-equipment 
sampling means 12 as a modulating signal on the strength [ electric ] through the photo-electric- 
translation means 1 1. On the other hand, repeat frequency fl(Hz) (f1=(n/m) fO+a or f1=(n/m) f0-a:n, and m 
are generated in the natural number, and a is generated for a sampling clock from the sampling clock 
generating means 1 3 in offset frequency). With this electrical signal electrical-and-electric-equipment 
sampling means 12, this modulating signal on the strength [ electric ] is sampled with this sampling clock, 
and a sampling electrical signal is acquired. With the electrical-potential-difference maintenance means 14, 
according to the trigger signal of the data taking-in initiation from the trigger signal generating means 15, 
analog-to-digital conversion (AD translation) of this sampling electrical signal is performed, and temporary 
storage maintenance actuation is performed. The electrical-potential-difference maintenance means 14 
holds two or more sampling data until the trigger signal of data taking-in termination is sent from this 
trigger signal generating means 1 5. And it is outputted according to the trigger signal from the outside. 
Here, it can have electric buffer memory with the capacity for example, more than a kilobyte, and a high- 
speed AD translation circuit with the function of a MHz-GHz sampling etc. can be used. Moreover, the 
sampling gate width of face of this sampling clock has desirably good or less 1/4 extent of the time amount 
decided by the inverse number of the bit rate fO of a lightwave signal. 
[0012] 

If the trigger signal of data reading initiation is sent towards the electrical signal processing means 16 from 
the trigger signal generating means 1 5 after performing fixed time data taking in and holding two or more 
sampling data in the electrical-potential-difference maintenance means 14 This electrical signal processing 
means 16 responds to the trigger signal of this data reading initiation. Read two or more sampling data from 
this electrical-potential-difference maintenance means 14, and it asks for a signal eye pattern from these 
sampling data. It is displayed, or and it outputs to a predetermined external device so that predetermined 
data processing concerning signal quality degradation of the directions of time amount, such as noise 
degradation, wavelength dispersion degradation, and a jitter, polarization distribution degradation, etc. may 
be performed and a lightwave signal quality parameter can be evaluated. [ display ] 
[0013] 

Here, the repeat frequency f 1 of a sampling clock is only determined based on fO which is a number related 
to the lightwave signal bit rate fO (n/m), and does not perform following in footsteps of the bit phase of a 
lightwave signal using a clock extract etc. For example, a lightwave signal bit rate considers the case where 
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they are 2.5 Gbit/s, 10 Gbit/s, or 40 Gbit/s. In this case, if it considers as information required in order to 
determine the repeat frequency of a sampling clock, for example, 100MHz which is one of the common 
divisors of those bit rates is in a solution, f 1 can be determined based on it. For example, if the repeat 
frequency of a sampling clock is set up by (100 MHz+aHz) and 15000 points are assumed as the required 
number of sampling data, data takingHn time amount will be set to about 150 microseconds. That is, by this 
approach, only change in less than about 1 50 microseconds influences the eye pattern used for 
assessment among the bit phase shifts by the wander. When the temperature gradient of a day considers 
as 60 degrees C (12 hours), the temperature change in 150 microseconds is about 2.1x10 to 7 degree C. If 
it takes into consideration that the amount of pulse delay in the quartz fiber of nylon coating which forms 
the transmission line of a lightwave signal is maximum about 0.2ps/m/degree C (actual measurement), the 
amount of pulse delay produced when the temperature of the 100km whole transmission line changes with 
atmospheric temperature fluctuation will serve as 4.2x1 0-3ps among 150 microseconds, this — resolution 
— as well as the electric sampling of 20ps extent, since it is the value which can also disregard the 
lightwave signal light sampling of 1ps extent, the eye pattern by this approach can be evaluated as a 
synchronous eye pattern in false. 
[0014] 

in addition — as the range of the offset frequency a — for example 
[Equation 9] 



It sets up so that it may become. 
[0015] 

Here, n/m and the semantics which k and q express are explained in full detail for the below-mentioned 
<example of a display of the eye pattern in the gestalt of each operationX 

Moreover, the input signal (data signal) in the data signal quality evaluation equipment of this invention may 
not be limited to the lightwave signal of the bit rate fO (bit/s) which was mentioned above, but may be an 
electrical signal of a bit rate fO (bit/s). What is necessary is to omit the photo-electric-translation means 
1 1 and just to input the input electrical signal of a bit rate fO into the electrical signal electrical-and- 
electric-equipment sampling means 12 directly with the gestalt of operation shown in drawing 1 in that 
case. 



Moreover, I hear that not making the repeat frequency f1 of a sampling clock follow in footsteps of the bit 
phase of a lightwave signal (or electrical signal) using a clock extract etc. generates the sampling signal of 
a frequency f 1 (Hz) repeatedly independently of a data signal, and there is. "Independence" means that the 
tracking of the bit phase relation between a data signal and a sampling signal always is not carried out here. 



moreover, the reading appearance of two or more sampling data from the electrical-potential-difference 
maintenance means 14 by the electrical signal processing means 16 — carrying out — you may make it 
read two or more sampling data at once, and may make it read them one by one 
[0018] 

<The 2nd operation gestalt> 

The 2nd operation gestalt of the data signal quality evaluation equipment of this invention is shown in 
drawin g 2 . This depends on this invention according to claim 1 0. This operation gestalt is the case where 
the lightwave signal electrical-and-electric-equipment sampling means 22 is used, as a data signal sampling 
means. In this case, the data signal to input is a data signal of light, and the sampling clock generating 





[0016] 



[0017] 
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means 23 is used as a sampling pulse train generating means. In this case, since the sampling signal 
(sampling lightwave signal) of light is acquired by the lightwave signal electrical-and-electric-equipment 
sampling means 22, in order to change this sampling signal into electric digital data and to hold it, after- 
performing photo electric translation, the procedure of performing analog-to-digital conversion is required. 
Therefore, in drawin g 2 , it has composition using the electrical-potential-difference maintenance means 14 
with a analog-to-digital conversion function after the photo-electric-translation means 21. The same 
reference mark is attached to the same configuration as drawing 1 in drawin g 2 . Actuation of this 
operation gestalt is explained below. 
[0019] 

The lightwave signal of a bit rate fO (bit/s) results in the lightwave signal electrical-and-electric-equipment 
sampling means 22. On the other hand, repeat frequency fl(Hz) (f1=(n/m) fO+a or f1=(n/m) f0-a:n, and m 
are generated in the natural number, a is generated from the sampling clock generating means 23 in offset 
frequency), and a sampling clock results in this lightwave signal electrical-and-electric-equipment sampling 
means 22. Here, electric short pulse generating by the combination of a synthesized signal generator and a 
comb generator etc. can be used for the sampling clock generating means 23. As for the repeat frequency 
f 1 of this sampling clock, it is desirable that it is the high speed of MHz-GHz extent here. Moreover, the 
band of this comb generator is extended to about 4 times of the bit rate fO of a lightwave signal, and it is 
desirable to determine the pulse width of this electric short pulse as time amount width-of-face extent 
called for with the Fourier transform of the band of this comb generator. Moreover, electric amplifier can 
also be used for the preceding paragraph or the latter part of this comb generator if needed. Moreover, a 
baseband clipper can also be used for the latter part of this comb generator if needed. 

[0020] / 
With this lightwave signal electrical-and-electric-equipment sampling means 22, this lightwave signal is 
sampled with this sampling clock, and the sampling lightwave signal of a bit rate f 1 is acquired. The gate 
actuation by the electroabsorption modulator etc. can be used for this lightwave signal electrical-and- 
electric-equipment sampling means 22. The transparency band of the lightwave signal of this lightwave 
signal electrical-and-electric-equipment sampling means 22 is good in it being about lightwave signal bit 
rate fO desirably here. Moreover, the sampling gate width of face of this lightwave signal electrical-and- 
electric-equipment sampling means 22 has desirably good or less 1/4 extent of the time amount decided 
by the inverse number of the bit rate fO of a lightwave signal. This sampling lightwave signal is changed into 
a sampling electrical signal by the photo-electric-translation means 21. 
[0021] 

With the electrical-potential-difference maintenance means 14, according to the trigger signal of the data 
taking-in initiation from the trigger signal generating means 1 5, analog-to-digital conversion (AD 
translation) of this sampling electrical signal is performed, and temporary storage maintenance actuation is 
performed. And this electrical-potential-difference maintenance means 14 holds two or more sampling data 
until the trigger signal of data taking-in termination is sent from this trigger signal generating means 15, and 
outputs it according to the trigger signal from the outside. Here, it can have electric buffer memory with 
the capacity for example, more than a kilobyte, and a high-speed AD translation circuit with the function of 
a MHz-GHz sampling etc. can be used. In this electrical-potential-difference maintenance means 14, if the 
trigger signal of data reading initiation is sent towards the electrical signal processing means 16 from the 
trigger signal generating means 15 after performing fixed time data taking in and holding two or more 
sampling data, according to the trigger signal of nucleus data reading initiation, this electrical signal 
processing means 1 6 will read two or more sampling data from this electrical-potential-difference 
maintenance means 14, and will evaluate a lightwave signal quality parameter in quest of a signal eye 
pattern from these sampling data. 
[0022] 

<The 3rd operation gestalt> 

The 3rd operation gestalt of the data signal quality evaluation equipment of this invention is shown in 
drawin g 3 . This depends on this invention according to claim 10. This operation gestalt is the case where 
the lightwave signal light sampling means 32 is used, as a data signal sampling means. In this case, the data 
signal to input is a data signal of light, and the sampling light pulse train generating means 33 is used as a 
sampling pulse train generating means. In this case, since the sampling signal (sampling lightwave signal) of 
light is acquired by the lightwave signal light sampling means 32, in order to change this sampling signal into 
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1 electric digital data and to hold it, after performing photo electric translation, the procedure of performing 
analog-to-digital conversion is required. Therefore, in drawin g 3 , it has composition using the electrical- 
potential-difference maintenance means 14 with a analog-to-digital conversion function after the photo- 
electric-translation means 21. The same reference mark is attached to the same configuration as what is 
shown in drawing 1 or drawing 2 in drawin g 3 . Actuation of this operation gestalt is explained below. 
[0023] 

The lightwave signal of a bit rate fO (bit/s) results in the lightwave signal light sampling means 32. On the 
other hand, repeat frequency fKHz) (f1=(n/m) fO+a or f1=(n/m) f0-a:n, and m are generated in the natural 
number, a is generated from the sampling light pulse train generating means 33 in offset frequency), and a 
sampling light pulse train results in this lightwave signal light sampling means 32. This sampling light pulse 
train has pulse width sufficiently narrower than the time amount decided by the inverse number of the bit 
rate fO of a lightwave signal here. The laser diode of a gain switch mold, fiber ring laser, a mode locking 
laser diode, etc. can be used for this sampling light pulse train generating means 33. As for the repeat 
frequency f1 of this sampling light pulse train, it is desirable that it is the high speed of MHz-GHz extent 
here. Moreover, as for the pulse width of this sampling light pulse train, about [ of the time amount decided 
by the inverse number of the bit rate fO of ****** / 1/4 or less ] is desirable. 
[0024] 

With this lightwave signal light sampling means 32, this lightwave signal is sampled in this sampling light 
pulse train, and a sampling lightwave signal is acquired. Here, the nonlinear optical effect between a 
lightwave signal and a sampling light pulse train can be used for the lightwave signal light sampling means 
32, and nonlinear optics media, such as KTP (KTiOP04), AANP (2-adamantylamino-5-nitropyridine), and 
PPLN (Periodically Poled Lithium Niobate), can be used for it. Moreover, as a nonlinear optical effect, SFG 
(sum cycle light generating), SHG (second harmonic generation), FWM (4 light-wave mixing), etc. can be 
used. 
[0025] 

This sampling lightwave signal is changed into a sampling electrical signal by the photo-electric-translation 
means 21. With the electrical-potential-difference maintenance means 14, according to the trigger signal of 
the data taking-in initiation from the trigger signal generating means 15, analog-to-digital conversion (AD 
translation) of this sampling electrical signal is performed, and temporary storage maintenance actuation is 
performed. Two or more sampling data until the trigger signal of data taking-in termination is sent from this 
trigger signal generating means 1 5 are held. And it is outputted according to the trigger signal from the 
outside. Here, it can have electric buffer memory with the capacity for example, more than a kilobyte, and a 
high-speed AD translation circuit with the function of a MHz-GHz sampling etc. can be used. In this 
electrical-potential-difference maintenance means 14, if the trigger signal of data reading initiation is sent 
towards the electrical signal processing means 1 6 from the trigger signal generating means 1 5 after 
performing fixed time data taking in and holding two or more sampling data, according to the trigger signal 
of this data reading initiation, this electrical signal processing means 16 will read two or more sampling data 
from this electrical-potential-difference maintenance means 14, and will evaluate a lightwave signal quality 
parameter in quest of a signal eye pattern from these sampling data. 
[0026] 

<The 4th operation gestalt> 

This operation gestalt describes the example of an assessment procedure in case the exact value of the 
signal bit rate fO is not known. First, if it is SDH when the signal format is known for example, it will be 
thought that a signal bit rate is either of ... 39.81312 Gbit/s 9.95328 Gbit/s 2.48832 Gbit/s. However, a 
actual signal bit rate can consider that only df (Hz) has shifted to accuracy, for example, permits 
df=**200ppm in SDH. A gap of only the part as which it will not consider df to f1 , either, if only df 
determines the repeat frequency of a sampling clock based on the common divisor of 2.48832 Gbit/ s, 
9.95328 Gbit/s, and 39.81312 Gbit/s etc., without taking df into consideration noting that the signal bit rate 
has shifted actually arises. The f1 that what is necessary is just to fill fl=(n/m) fO**a (for n and m to be 
the natural number), and (n/m) 2q/{k+(n/m) q} fO <=a<(n/m)2q/{k+(n/m) q-1} fO (for k to be the natural 
number) So that it may carry out the sweep of the value of f1 or ikj<=Nsamp and ikj<=kz/{2q(k-z)} 0, j, and 
Nsamp are the natural number) may be filled, when not filling Measurement of the open eye pattern is 
enabled by carrying out the sweep of the value of f 1 , the value of k, the value of n/m, the value of q, and 
any one or more **. In addition, the semantics which n/m, and k, q and z express is explained in full detail 
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in <the example of a display of the eye pattern in the gestalt of each operation> mentioned later. And the 

approach of carrying out the sweep of these parameters can be applied not only when a signal format 

shows a signal bit rate to some extent, but when a signal bit rate is not known at all. However, the demand 

to the adjustable width of face of f 1 becomes large in that case. 

The conditions which enable eye pattern measurement without the sweep of f 1 , 

f1 >=(2, fO, Nsamp, and|df|) 1/2 

By coming out, being, for example, in the case of f0=9.95328 Gbit/s, df=200ppm, and Nsamp=250, becoming 
f1>=1GHz order, and making a sampling rate into a high speed, even when a signal bit rate cannot be known 
to accuracy, eye pattern measurement is attained. 
[0027] 

<The example of quality evaluation by each operation gestalt> 

With reference to drawing 4 thru/or drawin g 8 , the example of quality evaluation by the 1 st of this 
invention thru/or the 4th operation gestalt is explained. The typical example of a synchronous eye pattern 
and the example of an assessment parameter are shown. 
[0028] 

Drawin g 4 is the example of the eye pattern of an NRZ signal (Non-Return-to-Zero signal). The amplitude 
histogram when setting up the time window of dt focusing on the time amount from which eye opening of 
the direction on the strength serves as max is shown, and the averages mul and muO and standard 
deviation sigmal and sigmaO are evaluated about a mark and each distribution of a tooth space. 
[0029] 
moreover 

Q=|mu1 -mu0|/sigma 1 +sigma0 

Q value come out of and calculated can also be made into an assessment parameter. Here, |mu1-mu0| 

expresses the absolute value of the difference of the averages mu1 and muO. 

[0030] 

From Q value, 
BER=erfc(Q) 

A ******** bit error rate can be estimated. Here, BER expresses a bit error rate (Bit Error Rate), and erfc 

expresses an error complementary function. 

[0031] 

Drawin g 5 is the example of the eye pattern of RZ signal (Return to zero signal). The method of 
assessment of the averages mu1 and muO, standard deviation sigmal and sigmaO, and Q value is the same 
as that of the case of NRZ mentioned above. 
[0032] 

Drawin g 6 is the example of the eye pattern of an NRZ signal. The amplitude histogram when setting up the 
cross point of an eye pattern for the time window of dt as a core is shown, and the averages mu1 and muO 
and mucross are evaluated about a mark, distribution of a tooth space, and the frequency distribution near 
a cross point, respectively. 
[0033] 

here — for example 

Rcross=|mu cross-mu 0|/|mu1-mu0| 

The gap of the amplitude reinforcement of a ** cross point is shown, and it becomes the parameter by 

which the effect of the pulse breadth by wavelength dispersion etc. is evaluated. 

[0034] 

Drawing 7 is the example of the eye pattern of an NRZ signal. The time histogram of the part surrounded 
by the time amount width of face dt and the width of face dl on the strength is shown, and standard 
deviation sigmat is evaluated, sigmat becomes the parameter by which the effect of a jitter is evaluated. 
[0035] 

Drawin g 8 is the example of the eye pattern of RZ signal. Drawing of a left part shows the amplitude 
histogram when setting up the time window of dta focusing on the time amount from which eye opening of 
the direction on the strength serves as max, and is evaluating the averages mu1 and muO about a mark and 
each distribution of a tooth space. Upside drawing shows the time histogram of the part surrounded by the 
width of face dl on the strength and the time amount width of face dt of |mu1-mu0|/2 centering on a value, 
and is evaluating the difference TFWHM of standard deviation sigmat and the average, sigmat becomes the 

http://www4.ipdl. ncipi.gojp/cgi-bin/tran_web_cgLejje 2005/10/26 



JP,2004-048688,A [DETAILED DESCRIPTION] 



8/11 V 



' parameter by which the effect of a jitter is evaluated. TFWHM shows the full width at half maximum of RZ 
pulse, and serves as a parameter by which the pulse breadth by wavelength dispersion etc. is evaluated. 
[0036] 

In addition, assessment of degradation according to PMD (polarization mode dispersion) by setting the 
window of the time amount width of face dt and the frequency width of face dl as arbitration etc. is 
possible. 
[0037] 

<The example of a display of the eye pattern in the gestalt of each operation> 

About a display, it can display on a display as it is at the order which sampled two or more sampling data, 
for example. In this case, no points can necessarily be arranged in time series, but overwrite can be carried 
out from the place of time amount zero once again a certain period. An eye pattern can be displayed by 
repeating it about all sampling points. 
[0038] 

Hereafter, the period which carries out overwrite is explained. Here, it is a, when the bit rate of a data 
signal is expressed with fO (bit/s) and the repeat frequency f1 of a sampling (Hz) is expressed with f1 = 
(n/m) fO+a or f1=(n/m) f0-a (the natural number and a are an offset frequency for n and m), 
[Equation 10] 




The case where ****** is filled is explained. 

It is a value related to the ratio of fO and f1, for example, n/m is 1/100, and n/m is fO here. When it is 10 
(Gbit/s), f1 is set to about 100 (MHz), and a sampling point expresses that it is the sampling frequency 
which is extent obtained one point to about 1 00 bits of a data signal. Moreover, k is a value related to the 
period which carries out overwrite, and means carrying out overwrite k sampling point numbers at a time. 
Moreover, q is a value showing a part for what bit of a data signal is reproduced, when k sampling points 
are arranged in time series. Below, the example of a plot of the points P1-P8 corresponding to each 
sampling data is explained with reference to drawin g 9 (a) - (d) about the case of f 1 =(n/m)-a as an 
example. Drawing 9 (a) is drawing (however drawing 9 (a) only the points P1-P5 graphic display) showing a 
data signal wave, and drawin g 9 (b) - (d) is drawing showing the example of a plot. Moreover, each variable 
shall fill n/m=1, k= 4, and q= 1. 
[0039] 

In the above-mentioned case, the offset frequency a (=** (fl-fO)) serves as a value of the range of f(1/5) 
0 <= a <(1/4) fO. That is, it is 1/4/fO <=1/f1-1/f0<1/3/f0, and I hear that deltat (=1-/f1-1/f0) is set up 
smaller [ it is larger than one fourth of one time slots which are the inverse number of fO, and ] than one 
third, and there is. Points P1-P4 can reproduce the wave in 1 time slot by arranging in order ( drawing 9 
(b)). 
[0040] 

And in this example, a point P5 shall not be plotted following a point P4, but shall be returned and plotted 

to time amount zero. Here, there are two kinds of methods of superposition. 

[0041] 

(1) The 1st method of superposition is doubling the time amount location of a point P5 with the time 
amount location of a point P1, as shown in drawin g 9 (c). If the time amount location of a point P5 is 
doubled with a point PI, the wave of the 2nd superposition will become the thing [ wave / 1st ] shifted 
somewhat in time. If it piles up like the 3rd time and the 4th time, since a gap will become large and will go 
little by little, when the count of superposition increases, the eye will close gradually. Information required 
to realize this superposition is only the value of n/m. Since a sampling clock can be set up locally, k is 
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decided to be arbitration in the range of the natural number, and the period of overwrite is decided 
according to it. Although k is the natural number, if the wave is complicated, the larger one can tell a wave- 
like rendering that it is desirable. 
[0042] 

(2) The 2nd method of superposition is doubling the time amount location of a point P5 on the basis of the 
integral multiple of 1/f0 t as shown in drawing 9 (d). If the time amount location of a point P5 is doubled on 
the basis of the integral multiple of 1/fO, the wave of the 2nd superposition will become what lapped with 
the 1st wave. Instead, it is necessary to get to know the absolute value of fO. 
[0043] 

Now, in the approach of (1), the gap when doubling the time amount location of a point P5 similarly to a 
point P1 is estimated. If it is a=(1/4) fO, since a point P5 is in agreement with a point P1 with the period of 
1/f0, if it is that which carries out overwrite four points at a time (or overwrite is carried out by the 
multiple of 4), even if it will continue to infinity, a beautiful eye pattern is obtained. However, as shown in 
the formula which appoints the range of the above-mentioned a in this case, a has shifted from f(1/4) 0 for 
a while. 
[0044] 

If z is made into the real number which fills k-1<z<=k here, 
[Equation 1 1] 




It comes out, it is, and since it is n/m=1 and q= 1 in now, it is set to a={1/(z+1)} fO considering z as the real 
number which fills 3< z<4. When it calculates using this, compared with the case of a=(1/4) fO, gap deltaT 
produced when piling up the wave is deltaT=(4-z)/(zf0). That is, generally, when the period of superposition 
is set to ik (i is i= 1 at the natural number and an example), it becomes deltaT=q(k~z) i/(zf0). conversely, if 
it says, it will pile up with 2 times and 3 times — ** — it will be said that it is written while it is alike and 
shifting in the direction of deltaT [ every ] time amount. Since an eye pattern will be thoroughly closed if 
accumulation of the gap becomes half [ of one time slot of the inverse number of fO ], it serves as an 
upper limit of a gap. It is ikj<=Nsamp, when the number of sampling points measured at once is set to 
Nsamp and the count of overwrite is set to j. Therefore, when accumulated of a gap is set to Sum [deltaT], 
Sum [deltaT] is, 
[Equation 12] 



Sum[AT] 




It becomes. 
[0045] 

Since that this becomes below one half of 1/fO are the conditions which enable eye opening assessment, 
[Equation 13] 

(* ~ z)ijq ^ 1 
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It is got blocked. 
[Equation 14] 



^ ^ 2q(k - z) 



In the range of the number of ******** sampling points, even if it uses a local clock, it will be said that eye 

opening can be evaluated. 

[0046] 

That is, the value of a 
[Equation 15] 




/ 0 (ztek-i< z ^k*mtftmm) 



When coming out, and it is and the sampling data of a Nsamp individual are displayed in the direction of a 
time-axis with a dt=1/(zf0) time interval in order of measurement When data signal wave measurement and 
quality evaluation are performed in quest of a signal eye pattern by returning and laying a time amount 
location on top of every t=p/f0 (p being the natural number) 0, using the time amount location of the first 
sampling data as t= 0, and displaying sampling data, When the count of superposition is set to j 0 is the 
natural number), data signal quality evaluation can be performed by filling pkj<=Nsamp to the total number 
Nsamp of sampling data. 
[0047] 

If it is furthermore developed, it repeats performing data taking in of Nsamp and an eye pattern display as 
mentioned above j times, and after piling up j eye patterns on the basis of the maximum point of each eye 
opening, it can evaluate. If it carries out like this, the number of sampling points effectually used for 
assessment can be increased, and the indeterminacy of assessment can be reduced more. 
[0048] 

[Effect of the Invention] 

Since the clock extract section is not needed as explained above, according to this invention, the 
miniaturization of equipment magnitude, In spite of not using a synchronous means by becoming reducible 
[ simplification of an approach or equipment, and equipment cost ], and performing high-speed sampling 
and data taking in using a buffer The false synchronous lightwave signal eye pattern which lost the effect 
of a wander can be obtained, and the data signal quality evaluation approach and equipment which can 
supervise noise degradation or not only wavelength dispersion degradation but signal quality degradation of 
the directions of time amount, such as a jitter and polarization distribution degradation, can be offered. 
[0049] 

Moreover, in this invention, a lightwave signal bit rate applicable compared with the approach using an 
electric sampling by using the optical sampling method becomes wide range. 
[Brief Description of the Drawings] 

[ Drawing 1 ] It is the block diagram showing the configuration of the 1 st of the gestalt of operation of this 
invention. 

[ Dra wing 2] It is the block diagram showing the configuration of the 2nd of the gestalt of operation of this 
invention. 

[ Drawin g 3] It is the block diagram showing the configuration of the 3rd of the gestalt of operation of this 
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1 invention. 

[ Drawing 4] It is drawing for explaining an example of the example of data signal quality evaluation by the 
gestalt of operation shown in drawin g 1 - drawin g 3 . 

[Drawing 5] It is drawing for explaining other examples of the example of data signal quality evaluation by 
the gestalt of operation shown in drawing 1 - drawing 3 . 

[Drawin g 6] It is drawing for explaining other examples of the example of data signal quality evaluation by 
the gestalt of operation shown in drawin g 1 - drawin g 3 . 

[Drawin g 7] It is drawing for explaining other examples of the example of data signal quality evaluation by 
the gestalt of operation shown in drawing 1 - drawin g 3 . 

[ Drawing 8] It is drawing for explaining other examples of the example of data signal quality evaluation by 
the gestalt of operation shown in drawin g 1 - drawing 3 . 

[ Drawing 9] It is drawing for explaining the example of a data plot by the gestalt of operation shown in 
drawing 1 - drawing 3 . 

[ Drawin g 10 ] It is the block diagram showing the configuration of the conventional example. 
[Description of Notations] 

1 1 Photo-Electric-Translation Means 

1 2 Electrical Signal Electrical-and-Electric-Equipment Sampling Means 

13 Sampling Clock Generating Means 

14 Electrical-Potential-Difference Maintenance Means 

15 Trigger Signal Generating Means 

1 6 Electrical Signal Processing Means 

21 Photo-Electric-Translation Means 

22 Lightwave Signal Electrical-and-Electric-Equipment Sampling Means 

23 Sampling Clock Generating Means 

32 Lightwave Signal Light Sampling Means 

33 Sampling Light Pulse Train Generating Means 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] 

This invention samples the data signal of the light which has a predetermined bit rate, or the electrical and 
electric equipment, in case it performs display of an eye pattern, and measurement of a signal quality, it is 
used, and it relates to the data signal quality evaluation approach and equipment by suitable high-speed 
sampling. 
[0002] 



[Translation done.] 



http:/ / www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgLejje 



2005/10/26 



JP.2004-048688.A [PRIOR ART] 



1 /2 is 



• * NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] 

The 1 st example of conventional lightwave signal quality evaluation equipment is shown in drawin g 10 (see 
nonpatent literature 1 and the nonpatent literature 2). This conventional lightwave signal quality evaluation 
equipment synchronizes with the clock with which the bit rate was extracted from a photo-electric- 
translation means 101 to change the lightwave signal of fO (bit/s) into a modulating signal on the strength 
[ electric ], a clock extract means 102 to perform a clock extract from this modulating signal on the 
strength [ electric ], and this clock extract means 102. A repeat frequency has a sampling clock generating 
means 103 by which fKHz) (f1=(n/m) fO+a:n and m generate the natural number, and a generates the 
sampling clock of offset frequency), and the electrical signal processing means 104. This electrical signal 
processing means 104 samples the modulating signal on the strength [ electric ] inputted through the clock 
extract means 102 with this sampling clock, displays sampling-data distribution serially based on the 
sampling electrical signal acquired, and evaluates a lightwave signal quality parameter in quest of a signal 
eye pattern. 
[0003] 

As the 2nd example similar to the above-mentioned conventional example, there are an example of an 
optical sampling means by which fl(Hz) (f1=(n/m) f0+a:n and m used the natural number by offset 
frequency), and, as for a, the repeat frequency used the sampling light pulse train with pulse width 
sufficiently narrower than the time slot of a lightwave signal, and an example of the optical sampling means 
using a sampling clock (see the patent reference 1 , the patent reference 2, and the nonpatent literature 3). 
These optical sampling means are arranged at the preceding paragraph of a photo-electric-translation 
means. A lightwave signal is branched with an optical branching means, and an optical sampling is 
performed using the sampling clock or sampling light pulse train which synchronized with the clock obtained 
by performing a clock extract from one output. A sampling lightwave signal is changed into a sampling 
electrical signal by the photo-electric-translation means. Sampling-data distribution is serially displayed 
based on a sampling electrical signal, and an electrical signal processing means estimates a lightwave signal 
quality parameter in quest of a signal eye pattern. 
[0004] 

[Patent reference 1] 

The patent No. 2677372 official report 

[Patent reference 2] 

The patent No. 3239925 official report 

[Patent reference 3] 

The Europe patent application ****** EP 09201 50A2 Number description 
[Nonpatent literature 1] 

"Handbook of ELECTRONIC TEST EQUIPMENT" (Section 5-8.SAMPLING OSCILLOSCOPE), pp.1 84-1 89, 
JOHN D.LENK, Prentice-Hall, Inc., Englewood Cliffs, and N.J., 1971 
[Nonpatent literature 2] 

"Modeling of the HP-1430 A Feedthrough Wide-Band (28-ps) Sampling Head", SEDKI M.RIAD, IEEE 
Transactions on Instrumentation and Measurement, Vol.IM-31, No.2, June 1982, pp.1 10-1 15 
[Nonpatent literature 3] 

"100 Gbit/s optical signal eye-diagram measurement with optical sampling using organic nonlinear optical 
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crystal" and H.Takara, S.Kawanishi and A.Yokoo, S.Tomaru, T.Kitoh and M.Saruwatari, Electronics Letters. 
Vol.32. No.24.21st November 1996. pp.2256-2258 
[Nonpatent literature 4] 

"Optical signal quality monitoring method based on optical sampling", LShake. H.Takara, S.Kawanishi and 

Y.Yamabayashi, Electronics Letters, Vol.34, No.22, 29th October 1998, pp.21 52-21 54 

[0005] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] 

Since the clock extract section is not needed as explained above, according to this invention, the 
miniaturization of equipment magnitude, In spite of not using a synchronous means by becoming reducible 
[ simplification of an approach or equipment, and equipment cost ], and performing high-speed sampling 
and data taking in using a buffer The false synchronous lightwave signal eye pattern which lost the effect 
of a wander can be obtained, and the data signal quality evaluation approach and equipment which can 
supervise noise degradation or not only wavelength dispersion degradation but signal quality degradation of 
the directions of time amount, such as a jitter and polarization distribution degradation, can be offered. 
[0049] 

Moreover, in this invention, a lightwave signal bit rate applicable compared with the approach using an 
electric sampling by using the optical sampling method becomes wide range. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] 

the repeat frequency of the sampling clock in the conventional example 1 — usually — several 10- 
hundreds of kHz — it is — assessment — the need — since obtaining enough signal eye patterns took 
time amount and the wander of a lightwave signal became a problem, the clock extract was indispensable. 
Since electrical signal processing which searches for sampling-data distribution needed to be performed 
serially, the effectual sampling rate fell, obtaining enough signal eye patterns required for assessment took 
time amount and the wander of a lightwave signal became a problem in the example of the optical sampling 
using the sampling clock and sampling light pulse train in the conventional example 2 although the repeat 
frequency of this sampling clock or this sampling light pulse train was about 10MHz, the clock extract was 
indispensable. 
[0006] 

As mentioned above, since the whole of the 1 st conventional example and the 2nd example needed a clock 
extract, buildup of equipment magnitude, complication of an approach or equipment, and buildup of 
equipment cost were problems. It considers as the 3rd conventional example (see the patent reference 3 
and the nonpatent literature 4), and there is lightwave signal performance-monitoring equipment using an 
asynchronous sampling among the lightwave signal performance-monitoring equipment which does not need 
a clock extract. However, by the time it is applicable to degradation (a jitter, polarization distribution, etc.) 
of the direction of time amount, this approach will not have resulted, in order to evaluate the lightwave 
signal intensity distribution based on an asynchronous eye pattern. 
[0007] 

it be in offer the data signal quality evaluation approach and the equipment which the object enable the 
miniaturization of equipment magnitude , simplification of an approach or equipment , and the cutback of 
equipment cost by not need the clock extract section by having not made this invention in view of the 
above-mentioned point , and can supervise noise degradation or not only wavelength dispersion 
degradation but signal quality degradation of the directions of time amount , such as a jitter and 
polarization distribution degradation . 
[0008] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] 

In order to attain the above-mentioned object, the data signal quality evaluation approach of this invention 
The light of a bit rate fO (bit/s) inputted or an electric data signal is what is generated independently. The 
light of a different repeat frequency f1 (Hz) from a bit rate fO (bit/s) or an electric sampling pulse train is 
used. The process which samples this data signal, changes the sampling signal of the light or the electrical 
and electric equipment obtained, and is held to a buffer as electric digital data N time (N is the natural 
number) after repeating the digital data of N individual currently held at said buffer — once — or by 
carrying out reading appearance one by one, and performing electrical signal processing, it is characterized 
by performing data signal wave measurement and quality evaluation in quest of a signal eye pattern. 
[0009] 

Moreover, the light of the bit rate fO (bit/s) as which the data signal quality evaluation equipment of this 
invention is inputted, or an electric data signal is what is generated independently. A sampling pulse train 
generating means to generate the light of a different repeat frequency f 1 (Hz) from a bit rate fO (bit/s), or 
an electric sampling pulse train, A data signal sampling means to sample this data signal of a bit rate fO 
(bit/s) in this sampling pulse train, and to acquire a sampling signal, An electrical-potential-difference 
maintenance means to change the light obtained by this data signal sampling means, or this electric 
sampling signal, and to memorize by two or more data as electric digital data, At once the digital data 
currently held at this electrical-potential-difference maintenance means Or an electrical signal processing 
means to read one by one and to evaluate an optical data signal quality parameter in quest of a signal eye 
pattern, It is characterized by having a trigger signal generating means to give the trigger of data taking-in 
initiation and termination to this electrical-potential-difference maintenance means, and to give the trigger 
of data reading initiation and termination to this electrical signal processing means. 
[0010] 

[Embodiment of the Invention] 
<The 1 st operation gestalt> 

The 1st operation gestalt of the data signal quality evaluation equipment by this invention is shown in 
drawing 1 . This depends on this invention according to claim 1 0. This operation gestalt is the case where 
the electrical signal electrical-and-electric-equipment sampling means 12 is used, as a data signal sampling 
means. In this case, the data signal to input is an electric data signal, and the sampling clock generating 
means 13 is used as a sampling pulse train generating means. Although drawin g 1 shows the case where it 
inputs into the electrical signal electrical-and-electric-equipment sampling means 1 2 after changing the 
lightwave signal of a bit rate fO (bit/s) into a modulating signal on the strength [ electric ] through the 
photo-electric-translation means 1 1 especially, when it inputs the electrical signal of a bit rate fO (bit/s) 
into the electrical signal electrical-and-electric-equipment sampling means 1 2 as it is, the photo-electric- 
translation means 1 1 is unnecessary, and such an operation gestalt is also included in this operation 
gestalt. Actuation of this operation gestalt is explained below. 
[0011] 

The lightwave signal of a bit rate fO (bit/s) results in the electrical signal electrical-and-electric-equipment 
sampling means 1 2 as a modulating signal on the strength [ electric ] through the photo-electric- 
translation means 1 1. On the other hand, repeat frequency fKHz) (f1=(n/m) fO+a or f1=(n/m) f0-a:n, and m 
are generated in the natural number, and a is generated for a sampling clock from the sampling clock 
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generating means 13 in offset frequency). With this electrical signal electrical-and-electric-equipment 
sampling means 12, this modulating signal on the strength [ electric ] is sampled with this sampling clock, 
and a sampling electrical signal is acquired. With the electrical-potential-difference maintenance means 1 4, 
according to the trigger signal of the data taking-in initiation from the trigger signal generating means 1 5, 
analog-to-digital conversion (AD translation) of this sampling electrical signal is performed, and temporary 
storage maintenance actuation is performed. The electrical-potential-difference maintenance means 14 
holds two or more sampling data until the trigger signal of data taking-in termination is sent from this 
trigger signal generating means 15. And it is outputted according to the trigger signal from the outside. 
Here, it can have electric buffer memory with the capacity for example, more than a kilobyte, and a high- 
speed AD translation circuit with the function of a MHz-GHz sampling etc. can be used. Moreover, the 
sampling gate width of face of this sampling clock has desirably good or less 1/4 extent of the time amount 
decided by the inverse number of the bit rate fO of a lightwave signal. 
[0012] 

If the trigger signal of data reading initiation is sent towards the electrical signal processing means 1 6 from 
the trigger signal generating means 1 5 after performing fixed time data taking in and holding two or more 
sampling data in the electrical-potential-difference maintenance means 14 This electrical signal processing 
means 1 6 responds to the trigger signal of this data reading initiation. Read two or more sampling data from 
this electrical-potential-difference maintenance means 14, and it asks for a signal eye pattern from these 
sampling data. It is displayed, or and it outputs to a predetermined external device so that predetermined 
data processing concerning signal quality degradation of the directions of time amount, such as noise 
degradation, wavelength dispersion degradation, and a jitter, polarization distribution degradation, etc. may 
be performed and a lightwave signal quality parameter can be evaluated. [ display ] 
[0013] 

Here, the repeat frequency f1 of a sampling clock is only determined based on fO which is a number related 
to the lightwave signal bit rate fO (n/m), and does not perform following in footsteps of the bit phase of a 
lightwave signal using a clock extract etc. For example, a lightwave signal bit rate considers the case where 
they are 2.5 Gbit/s, 1 0 Gbit/s, or 40 Gbit/s. In this case, if it considers as information required in order to 
determine the repeat frequency of a sampling clock, for example, 100MHz which is one of the common 
divisors of those bit rates is in a solution, f 1 can be determined based on it. For example, if the repeat 
frequency of a sampling clock is set up by (100 MHz+aHz) and 15000 points are assumed as the required 
number of sampling data, data taking-in time amount will be set to about 1 50 microseconds. That is, by this 
approach, only change in less than about 1 50 microseconds influences the eye pattern used for 
assessment among the bit phase shifts by the wander. When the temperature gradient of a day considers 
as 60 degrees C (12 hours), the temperature change in 150 microseconds is about 2.1x10 to 7 degree C. If 
it takes into consideration that the amount of pulse delay in the quartz fiber of nylon coating which forms 
the transmission line of a lightwave signal is maximum about 0.2ps/m/degree C (actual measurement), the 
amount of pulse delay produced when the temperature of the 100km whole transmission line changes with 
atmospheric temperature fluctuation will serve as 4.2x1 0-3ps among 150 microseconds, this — resolution 
— as well as the electric sampling of 20ps extent, since it is the value which can also disregard the 
lightwave signal light sampling of 1 ps extent, the eye pattern by this approach can be evaluated as a 
synchronous eye pattern in false. 
[0014] 

in addition — as the range of the offset frequency a — for example 
[Equation 9] 
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It sets up so that it may become. 
[0015] 

Here, n/m and the semantics which k and q express are explained in full detail for the below-mentioned 
<example of a display of the eye pattern in the gestalt of each operationX 

Moreover, the input signal (data signal) in the data signal quality evaluation equipment of this invention may 
not be limited to the lightwave signal of the bit rate fO (bit/s) which was mentioned above, but may be an 
electrical signal of a bit rate fO (bit/s). What is necessary is to omit the photo-electric-translation means 
1 1 and just to input the input electrical signal of a bit rate fO into the electrical signal electrical-and- 
electric-equipment sampling means 12 directly with the gestalt of operation shown in drawing 1 in that 
case. 
[0016] 

Moreover, I hear that not making the repeat frequency f1 of a sampling clock follow in footsteps of the bit 
phase of a lightwave signal (or electrical signal) using a clock extract etc. generates the sampling signal of 
a frequency f1 (Hz) repeatedly independently of a data signal, and there is. "Independence" means that the 
tracking of the bit phase relation between a data signal and a sampling signal always is not carried out here. 

[0017] 

moreover, the reading appearance of two or more sampling data from the electrical-potential-difference 
maintenance means 1 4 by the electrical signal processing means 1 6 — carrying out — you may make it 
read two or more sampling data at once, and may make it read them one by one 
[0018] 

<The 2nd operation gestalt> 

The 2nd operation gestalt of the data signal quality evaluation equipment of this invention is shown in 
drawing 2 . This depends on this invention according to claim 10. This operation gestalt is the case where 
the lightwave signal electrical-and-electric-equipment sampling means 22 is used, as a data signal sampling 
means. In this case, the data signal to input is a data signal of light, and the sampling clock generating 
means 23 is used as a sampling pulse train generating means. In this case, since the sampling signal 
(sampling lightwave signal) of light is acquired by the lightwave signal electrical-and-electric-equipment 
sampling means 22, in order to change this sampling signal into electric digital data and to hold it, after 
performing photo electric translation, the procedure of performing analog-to-digital conversion is required. 
Therefore, in drawin g 2 , it has composition using the electrical-potential-difference maintenance means 1 4 
with a analog-to-digital conversion function after the photo-electric-translation means 21. The same 
reference mark is attached to the same configuration as dr awin g 1 in drawin g 2 . Actuation of this 
operation gestalt is explained below. 
[0019] 

The lightwave signal of a bit rate fO (bit/s) results in the lightwave signal electrical-and-electric-equipment 
sampling means 22. On the other hand, repeat frequency fl(Hz) (f1=(n/m) fO+a or f1=(n/m) f0-a:n, and m 
are generated in the natural number, a is generated from the sampling clock generating means 23 in offset 
frequency), and a sampling clock results in this lightwave signal electrical-and-electric-equipment sampling 
means 22. Here, electric short pulse generating by the combination of a synthesized signal generator and a 
comb generator etc. can be used for the sampling clock generating means 23. As for the repeat frequency 
f 1 of this sampling clock, it is desirable that it is the high speed of MHz-GHz extent here. Moreover, the 
band of this comb generator is extended to about 4 times of the bit rate fO of a lightwave signal, and it is 
desirable to determine the pulse width of this electric short pulse as time amount width-of-face extent 
called for with the Fourier transform of the band of this comb generator. Moreover, electric amplifier can 
also be used for the preceding paragraph or the latter part of this comb generator if needed. Moreover, a 
baseband clipper can also be used for the latter part of this comb generator if needed. 
[0020] 

With this lightwave signal electrical-and-electric-equipment sampling means 22, this lightwave signal is 
sampled with this sampling clock, and the sampling lightwave signal of a bit rate f 1 is acquired. The gate 
actuation by the electroabsorption modulator etc. can be used for this lightwave signal electrical-and- 
electric-equipment sampling means 22. The transparency band of the lightwave signal of this lightwave 
signal electrical-and-electric-equipment sampling means 22 is good in it being about lightwave signal bit 
rate fO desirably here. Moreover, the sampling gate width of face of this lightwave signal electrical-and- 
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■ electric-equipment sampling means 22 has desirably good or less 1/4 extent of the time amount decided 
by the inverse number of the bit rate fO of a lightwave signal. This sampling lightwave signal is changed into 
a sampling electrical signal by the photo-electric-translation means 21. 
[0021] 

With the electrical-potential-difference maintenance means 14, according to the trigger signal of the data 
taking-in initiation from the trigger signal generating means 1 5, analog-to-digital conversion (AD 
translation) of this sampling electrical signal is performed, and temporary storage maintenance actuation is 
performed. And this electrical-potential-difference maintenance means 1 4 holds two or more sampling data 
until the trigger signal of data taking-in termination is sent from this trigger signal generating means 1 5, and 
outputs it according to the trigger signal from the outside. Here, it can have electric buffer memory with 
the capacity for example, more than a kilobyte, and a high-speed AD translation circuit with the function of 
a MHz-GHz sampling etc. can be used. In this electrical-potential-difference maintenance means 14, if the 
trigger signal of data reading initiation is sent towards the electrical signal processing means 1 6 from the 
trigger signal generating means 1 5 after performing fixed time data taking in and holding two or more 
sampling data, according to the trigger signal of nucleus data reading initiation, this electrical signal 
processing means 1 6 will read two or more sampling data from this electrical-potential-difference 
maintenance means 1 4, and will evaluate a lightwave signal quality parameter in quest of a signal eye 
pattern from these sampling data. 
[0022] 

<The 3rd operation gestalt> 

The 3rd operation gestalt of the data signal quality evaluation equipment of this invention is shown in 
drawing 3 . This depends on this invention according to claim 10. This operation gestalt is the case where 
the lightwave signal light sampling means 32 is used, as a data signal sampling means. In this case, the data 
signal to input is a data signal of light, and the sampling light pulse train generating means 33 is used as a 
sampling pulse train generating means. In this case, since the sampling signal (sampling lightwave signal) of 
light is acquired by the lightwave signal light sampling means 32, in order to change this sampling signal into 
electric digital data and to hold it, after performing photo electric translation, the procedure of performing 
analog-to-digital conversion is required. Therefore, in drawing 3 , it has composition using the electrical- 
potential-difference maintenance means 14 with a analog-to-digital conversion function after the photo- 
electric-translation means 21. The same reference mark is attached to the same configuration as what is 
shown in drawin g 1 or drawin g 2 in drawing 3 . Actuation of this operation gestalt is explained below. 
[0023] 

The lightwave signal of a bit rate fO (bit/s) results in the lightwave signal light sampling means 32. On the 
other hand, repeat frequency fl(Hz) (f1=(n/m) fO+a or f1=(n/m) f0-a:n, and m are generated in the natural 
number, a is generated from the sampling light pulse train generating means 33 in offset frequency), and a 
sampling light pulse train results in this lightwave signal light sampling means 32. This sampling light pulse 
train has pulse width sufficiently narrower than the time amount decided by the inverse number of the bit 
rate fO of a lightwave signal here. The laser diode of a gain switch mold, fiber ring laser, a mode locking 
laser diode, etc. can be used for this sampling light pulse train generating means 33. As for the repeat 
frequency f 1 of this sampling light pulse train, it is desirable that it is the high speed of MHz-GHz extent 
here. Moreover, as for the pulse width of this sampling light pulse train, about [ of the time amount decided 
by the inverse number of the bit rate fO of ****** / 1/4 or less ] is desirable. 
[0024] 

With this lightwave signal light sampling means 32, this lightwave signal is sampled in this sampling light 
pulse train, and a sampling lightwave signal is acquired. Here, the nonlinear optical effect between a 
lightwave signal and a sampling light pulse train can be used for the lightwave signal light sampling means 
32, and nonlinear optics media, such as KTP (KTiOP04), AANP (2-adamantylamino-5-nitropyridine), and 
PPLN (Periodically Poled Lithium Niobate), can be used for it. Moreover, as a nonlinear optical effect, SFG 
(sum cycle light generating), SHG (second harmonic generation), FWM (4 light-wave mixing), etc. can be 
used. 
[0025] 

This sampling lightwave signal is changed into a sampling electrical signal by the photo-electric-translation 
means 21. With the electrical-potential-difference maintenance means 14, according to the trigger signal of 
the data taking-in initiation from the trigger signal generating means 1 5, analog-to-digital conversion (AD 
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translation) of this sampling electrical signal is performed, and temporary storage maintenance actuation is 
performed. Two or more sampling data until the trigger signal of data taking-in termination is sent from this 
trigger signal generating means 15 are held. And it is outputted according to the trigger signal from the 
outside. Here, it can have electric buffer memory with the capacity for example, more than a kilobyte, and a 
high-speed AD translation circuit with the function of a MHz-GHz sampling etc. can be used. In this 
electricahpotential-difference maintenance means 14, if the trigger signal of data reading initiation is sent 
towards the electrical signal processing means 1 6 from the trigger signal generating means 1 5 after 
performing fixed time data taking in and holding two or more sampling data, according to the trigger signal 
of this data reading initiation, this electrical signal processing means 16 will read two or more sampling data 
from this electrical-potential-difference maintenance means 14, and will evaluate a lightwave signal quality 
parameter in quest of a signal eye pattern from these sampling data. 
[0026] 

<The 4th operation gestalt> 

This operation gestalt describes the example of an assessment procedure in case the exact value of the 
signal bit rate fO is not known. First, if it is SDH when the signal format is known for example, it will be 
thought that a signal bit rate is either of ... 39.81312 Gbit/s 9.95328 Gbit/s 2.48832 Gbit/s. However, a 
actual signal bit rate can consider that only df (Hz) has shifted to accuracy, for example, permits 
df= : **200ppm in SDH. A gap of only the part as which it will not consider df to f 1 , either, if only df 
determines the repeat frequency of a sampling clock based on the common divisor of 2.48832 Gbit/s, 
9.95328 Gbit/s, and 39.81312 Gbit/s etc., without taking df into consideration noting that the signal bit rate 
has shifted actually arises. The f1 that what is necessary is just to fill f1=(n/m) f0**a (for n and m to be 
the natural number), and (n/m) 2q/{k+(n/m) q} fO <=a<(n/m)2q/{k+(n/m) q-1} fO (for k to be the natural 
number) So that it may carry out the sweep of the value of f1 or ikj<=Nsamp and ikj<=kz/{2q(k-z)} (i, j, and 
Nsamp are the natural number) may be filled, when not filling Measurement of the open eye pattern is 
enabled by carrying out the sweep of the value of fl, the value of k, the value of n/m, the value of q, and 
any one or more **. In addition, the semantics which n/m, and k, q and z express is explained in full detail 
in <the example of a display of the eye pattern in the gestalt of each operation> mentioned later. And the 
approach of carrying out the sweep of these parameters can be applied not only when a signal format 
shows a signal bit rate to some extent, but when a signal bit rate is not known at all. However, the demand 
to the adjustable width of face of fl becomes large in that case. 
The conditions which enable eye pattern measurement without the sweep of f 1 , 
f1 >=(2, fO, Nsamp, and|df|) 1/2 

By coming out, being, for example, in the case of f0=9.95328 Gbit/s, df=200ppm, and Nsamp=250, becoming 
f1>=1GHz order, and making a sampling rate into a high speed, even when a signal bit rate cannot be known 
to accuracy, eye pattern measurement is attained. 
[0027] 

<The example of quality evaluation by each operation gestalt> 

With reference to drawing 4 thru/or drawing 8 , the example of quality evaluation by the 1st of this 
invention thru/or the 4th operation gestalt is explained. The typical example of a synchronous eye pattern 
and the example of an assessment parameter are shown. 
[0028] 

Drawing 4 is the example of the eye pattern of an NRZ signal (Non-Return-to-Zero signal). The amplitude 
histogram when setting up the time window of dt focusing on the time amount from which eye opening of 
the direction on the strength serves as max is shown, and the averages mu1 and muO and standard 
deviation sigmal and sigmaO are evaluated about a mark and each distribution of a tooth space. 
[0029] 
moreover 

Q=|mu1 -mu0|/ sigmal +sigma0 

Q value come out of and calculated can also be made into an assessment parameter. Here, |mu1-mu0| 

expresses the absolute value of the difference of the averages mu1 and muO. 

[0030] 

From Q value, 
BER=erfc(Q) 

A ******** bit error rate can be estimated. Here, BER expresses a bit error rate (Bit Error Rate), and erfc 
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expresses an error complementary function. 
[0031] 

Drawin g 5 is the example of the eye pattern of RZ signal (Return to zero signal). The method of 
assessment of the averages mu1 and muO, standard deviation sigmal and sigmaO, and Q value is the same 
as that of the case of NRZ mentioned above. 
[0032] 

Drawing 6 is the example of the eye pattern of an NRZ signal. The amplitude histogram when setting up the 
cross point of an eye pattern for the time window of dt as a core is shown, and the averages mu1 and muO 
and mucross are evaluated about a mark, distribution of a tooth space, and the frequency distribution near 
a cross point, respectively. 
[0033] 

here — for example 

Rcross=|mu cross-mu 0|/|mu1-mu0| 

The gap of the amplitude reinforcement of a ** cross point is shown, and it becomes the parameter by 

which the effect of the pulse breadth by wavelength dispersion etc. is evaluated. 

[0034] 

Drawin g 7 is the example of the eye pattern of an NRZ signal. The time histogram of the part surrounded 
by the time amount width of face dt and the width of face dl on the strength is shown, and standard 
deviation sigmat is evaluated, sigmat becomes the parameter by which the effect of a jitter is evaluated. 
[0035] 

Drawing 8 is the example of the eye pattern of RZ signal. Drawing of a left part shows the amplitude 
histogram when setting up the time window of dta focusing on the time amount from which eye opening of 
the direction on the strength serves as max, and is evaluating the averages mu1 and muO about a mark and 
each distribution of a tooth space. Upside drawing shows the time histogram of the part surrounded by the 
width of face dl on the strength and the time amount width of face dt of |mu1-mu0|/2 centering on a value, 
and is evaluating the difference TFWHM of standard deviation sigmat arid the average, sigmat becomes the 
parameter by which the effect of a jitter is evaluated. TFWHM shows the full width at half maximum of RZ 
pulse, and serves as a parameter by which the pulse breadth by wavelength dispersion etc. is evaluated. 
[0036] 

In addition, assessment of degradation according to PMD (polarization mode dispersion) by setting the 
window of the time amount width of face dt and the frequency width of face dl as arbitration etc. is 
possible. 
[0037] 

<The example of a display of the eye pattern in the gestalt of each operation> 

About a display, it can display on a display as it is at the order which sampled two or more sampling data, 
for example. In this case, no points can necessarily be arranged in time series, but overwrite can be carried 
out from the place of time amount zero once again a certain period. An eye pattern can be displayed by 
repeating it about all sampling points. 
[0038] 

Hereafter, the period which carries out overwrite is explained. Here, it is a, when the bit rate of a data 
signal is expressed with fO (bit/s) and the repeat frequency fl of a sampling (Hz) is expressed with fl = 
(n/m) fO+a or f1=(n/m) f0-a (the natural number and a are an offset frequency for n and m), 
[Equation 10] 




The case where ****** j s f\\\ e d is explained. 
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* It is a value related to the ratio of fO and f1 f for example, n/m is 1/100, and n/m is fO here. When it is 10 
(Gbit/s), f1 is set to about 100 (MHz), and a sampling point expresses that it is the sampling frequency 
which is extent obtained one point to about 100 bits of a data signal. Moreover, k is a value related to the 
period which carries out overwrite, and means carrying out overwrite k sampling point numbers at a time. 
Moreover, q is a value showing a part for what bit of a data signal is reproduced, when k sampling points 
are arranged in time series. Below, the example of a plot of the points P1-P8 corresponding to each 
sampling data is explained with reference to drawin g 9 (a) - (d) about the case of f1=(n/m)-a as an 
example. Drawin g 9 (a) is drawing (however drawin g 9 (a) only the points P1-P5 graphic display) showing a 
data signal wave, and drawing 9 (b) - (d) is drawing showing the example of a plot. Moreover, each variable 
shall fill n/m=1, k= 4, and q= 1. 
[0039] 

In the above-mentioned case, the offset frequency a (=** (fl-f0)) serves as a value of the range of f(1/5) 
0 <=a<(1/4) fO. That is, it is 1/4/fO <=1/f1-1/fO<1/3/fO, and I hear that deltat (=1-/f1-1/f0) is set up 
smaller [ it is larger than one fourth of one time slots which are the inverse number of fO, and ] than one 
third, and there is. Points P1-P4 can reproduce the wave in 1 time slot by arranging in ordier ( drawing 9 
(b)). 
[0040] 

And in this example, a point P5 shall not be plotted following a point P4, but shall be returned and plotted 

to time amount zero. Here, there are two kinds of methods of superposition. 

[0041] 

(1) The 1st method of superposition is doubling the time amount location of a point P5 with the time 
amount location of a point P1, as shown in drawin g 9 (c). If the time amount location of a point P5 is 
doubled with a point P1, the wave of the 2nd superposition will become the thing [ wave / 1st ] shifted 
somewhat in time. If it piles up like the 3rd time and the 4th time, since a gap will become large and will go 
little by little, when the count of superposition increases, the eye will close gradually. Information required 
to realize this superposition is only the value of n/m. Since a sampling clock can be set up locally, k is 
decided to be arbitration in the range of the natural number, and the period of overwrite is decided 
according to it. Although k is the natural number, if the wave is complicated, the larger one can tell a wave- 
like rendering that it is desirable. 

[0042] 

(2) The 2nd method of superposition is doubling the time amount location of a point P5 on the basis of the 
integral multiple of 1/f0, as shown in drawing 9 (d). If the time amount location of a point P5 is doubled on 
the basis of the integral multiple of 1 /fO, the wave of the 2nd superposition will become what lapped with 
the 1st wave. Instead, it is necessary to get to know the absolute value of fO. 

[0043] 

Now, in the approach of (1), the gap when doubling the time amount location of a point P5 similarly to a 
point P1 is estimated. If it is a=(1/4) fO, since a point P5 is in agreement with a point P1 with the period of 
1/f0, if it is that which carries out overwrite four points at a time (or overwrite is carried out by the 
multiple of 4), even if it will continue to infinity, a beautiful eye pattern is obtained. However, as shown in 
the formula which appoints the range of the above-mentioned a in this case, a has shifted from f(1/4) 0 for 
a while. 
[0044] 

If z is made into the real number which fills k-1<z<=k here, 
[Equation 1 1] 



a = 




It comes out, it is, and since it is n/m=1 and q= 1 in now, it is set to a={1/(z+1)} fO considering z as the real 
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number which fills 3< z<4. When it calculates using this, compared with the case of a=(1/4) fO, gap deltaT 
produced when piling up the wave is deltaT=(4-z)/(zfO). That is, generally, when the period of superposition 
is set to ik (i is i= 1 at the natural number and an example), it becomes deltaT=q(k-z) i/(zfO). conversely, if 
it says, it will pile up with 2 times and 3 times — ** — it will be said that it is written while it is alike and 
shifting in the direction of deltaT [ every ] time amount Since an eye pattern will be thoroughly closed if 
accumulation of the gap becomes half [ of one time slot of the inverse number of fO ], it serves as an 
upper limit of a gap. It is ikj<=Nsamp, when the number of sampling points measured at once is set to 
Nsamp and the count of overwrite is set to j. Therefore, when accumulated of a gap is set to Sum [deltaT], 
Sum [deltaT] is, 
[Equation 12] 



It becomes. 
[0045] 

Since that this becomes below one half of 1 /fO are the conditions which enable eye opening assessment, 
[Equation 13] 

(k-z)ijq ^ 1 



It is got blocked. 
[Equation 14] 



~ 2q(k - z) 



In the range of the number of ******** sampling points, even if it uses a local clock, it will be said that eye 

opening can be evaluated. 

[0046] 

That is, the value of a 
[Equation 15] 




/ 0 (ztek-Kz^k&ffitftnm 



When coming out, and it is and the sampling data of a Nsamp individual are displayed in the direction of a 
time-axis with a dt=1/(zf0) time interval in order of measurement When data signal wave measurement and 
quality evaluation are performed in quest of a signal eye pattern by returning and laying a time amount 
location on top of every t=p/f0 (p being the natural number) 0, using the time amount location of the first 
sampling data as t= 0, and displaying sampling data, When the count of superposition is set to j (j is the 
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natural number), data signal quality evaluation can be performed by filling pkj<=Nsamp to the total number 

Nsamp of sampling data. 

[0047] 

If it is furthermore developed, it repeats performing data taking in of Nsamp and an eye pattern display as 
mentioned above j times, and after piling up j eye patterns on the basis of the maximum point of each eye 
opening, it can evaluate. If it carries out like this, the number of sampling points effectually used for 
assessment can be increased, and the indeterminacy of assessment can be reduced more. 
[0048] 



[Translation done.] 
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* NOTICES * 
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1 This document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing 1 ] It is the block diagram showing the configuration of the 1 st of the gestalt of operation of this 
invention. 

[ Drawing 2 ] It is the block diagram showing the configuration of the 2nd of the gestalt of operation of this 
invention. 

[Drawing 3] It is the block diagram showing the configuration of the 3rd of the gestalt of operation of this 
invention. 

[ Drawing 4] It is drawing for explaining an example of the example of data signal quality evaluation by the 
gestalt of operation shown in drawing 1 - drawin g 3 . 

[Drawing 5 ] It is drawing for explaining other examples of the example of data signal quality evaluation by 
the gestalt of operation shown in drawing 1 - d rawin g 3 . 

[Drawing 6 ] It is drawing for explaining other examples of the example of data signal quality evaluation by 
the gestalt of operation shown in drawing 1 - drawin g 3 . 

[ Drawin g 7] It is drawing for explaining other examples of the example of data signal quality evaluation by 
the gestalt of operation shown in drawing 1 - drawin g 3 . 

[Drawin g 8] It is drawing for explaining other examples of the example of data signal quality evaluation by 
the gestalt of operation shown in drawin g 1 - drawin g 3 . 

[Drawing 9] It is drawing for explaining the example of a data plot by the gestalt of operation shown in 
drawing 1 - drawing 3 . 

[Drawing 10] It is the block diagram showing the configuration of the conventional example. 
[Description of Notations] 

1 1 Photo-Electric-Translation Means 

12 Electrical Signal Electrical-and-Electric-Equipment Sampling Means 

13 Sampling Clock Generating Means 

1 4 Electrical-Potential-Difference Maintenance Means 

1 5 Trigger Signal Generating Means 

1 6 Electrical Signal Processing Means 

21 Photo-Electric-Translation Means 

22 Lightwave Signal Electrical-and-Electric-Equipment Sampling Means 

23 Sampling Clock Generating Means 

32 Lightwave Signal Light Sampling Means 

33 Sampling Light Pulse Train Generating Means 
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DRAWINGS 
[Drawin g 1] 

6 




[ Drawin g 2] 
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[ Drawin g 3] 




[ Drawin g 4] 
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[ Drawing 5 ] 




[Drawing 6] 
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[ Drawing 7] 




[Drawing 8] 
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[ Drawin g 9] 




[ Draw ing 10 ] 
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